. Genetic diversity and productivity of Gracilaria coronopifolia as alternative for food resource based . Gracilaria coronopifolia is one of potential seaweed as an alternative for food resources, especially for agar source. The information about the genetic profile of G. coronopifolia will be useful for assisting in conservation and breeding efforts. RAPD marker is expected to be utilized for characterization of the species with high productivity based on genetic profile. This research aims to determine the genetic diversity and productivity of G. coronopifolia based on RAPD marker. The samples were collected from Anyer Beach, Banten, Indonesia i.e. Tanjung Tum Beach, Mambruk Hotel Beach, and Patra Comfort Anyer Beach, as well as the cultivation ponds of seaweed in Lontar Village, Banten, Indonesia. Five RAPD primers (OPA-01, OPA-16, OPT-05, OPR-02, and UBC-594) were screened to characterize the genetic profile of samples. The results showed that all primers produced polymorphic bands. Based on the genetic profile, the samples of G. coronopifolia were separated into two main clusters, consisted of group A (Tanjung Tum Beach, Patra Beach, and Mambruk Beach) with a coefficient of similarity of 0.44 and group B (Lontar Village) with a similarity coefficient of 0.43. The sample from Lontar Village was separated outside from the other three samples at the waters of Anyer Beach. The sample from Lontar Village had the highest talus height (18.0 cm) and dry weight (1.250 g/clump). The UBC-594 primer was the most associated with the talus height and dry weight on the band size of 50 bp, thus this primer was assumed can be used as a selection marker for the talus height and dry weight of G. coronopifolia.
INTRODUCTION
Seaweed has been utilized for different purposes (Nazni and Deepa 2015) . Seaweed can be utilized for food source, culture medium for research purpose, fertilizers (Delaney et al. 2016) , and binding material in lime for painting wall (Smith et al. 2010) . Seaweed is valuable source of nutrients, such as vitamins, minerals, proteins, polysaccharides, and dietary fibers (Almeida et al. 2011) . Seaweed also contains bioactive primary and secondary metabolites, such as carotenoids, terpenoids, vitamins, fatty acids, amino acids, acetogenins, polyphenols, alkaloids, agar, carrageenan, proteoglycans, alginate, laminarin, rhamnan sulfate, galactosyl glycerol and fucoidan (Cen-Pacheco et al. 2010; Klisch and Hader 2008; Pallela et al. 2010; D'Ayala et al. 2008; Guven et al. 2010; Cabrita et al. 2010) , so it is potential for medicinal purposes, such as allelopathic, antimicrobial, antifouling, herbivore deterrent, ultraviolet-screening agents, or as material for pharmaceutical industry to treat diseases like cancer, inflammation, arthritis, and infection for bacteria and fungus (Almeida et al. 2011) .
Genus Gracilaria consists of more than 170 species worldwide, distributed from tropical to temperate waters, from intertidal to subtidal zones (Ganesan et al. 2011; Gulbranses et al. 2012) . Gracilaria coronopifolia J. Agardh (family Gracilariaceae, Rhodophyta) is one of potential seaweed with the economic value that can be found in the waters of Anyer Beach, Banten (Batu 2012) . G. coronopifolia contains water, protein, lipid, carbohydrate, fiber, and ash. The low fat and high fiber contents cause G. coronopifolia can be consumed and developed as functional food source (Ate et al. 2017) .
The utilization of G. coronopifolia in various industrial fields causes the exploitation of seaweed to meet industry needs. The exploitation of G. coronopifolia causes a decrease in population and reduces the genetic germplasm in nature. The maintenance of genetic diversity is considered necessary for the existence of species in long time. The decreasing genetic diversity with a loss of certain alleles can decrease the ability of species to respond to the changes of biotic and abiotic environment (Pither et al. 2003) .
The molecular markers have been used to analyze the polymorphism of organisms at the molecular level. The advantages of using molecular markers are not influenced by the environment and not destroy the plant (Anggraeni et al. 2008) . Random Amplified Polymorphic DNA (RAPD) is one of molecular markers used to identify the genotype of organisms. The polymorphism patterns resulted from RAPD are appropriate for the study of genetic diversity, genetic relationships, and maps (Ayuningrum et al. 2012 ). Compared to other molecular markers, such as Restriction Fragment Length Polymorphisms (RFLP) and Simple Sequence Repeats (SSR), RAPD has the advantages, such as less labour-intensive than other molecular markers (Negi and Joshi 2015) , cheaper, easier in utilization, quickly to give the products, produce DNA bands in a large number, no need the information about the background of genome, and easy to get the random primers to analyze the genome of all organisms (Poerba and Martanti 2008) . But, the use of RAPD has also the weakness, such as not reliable, because it gives the different product when repeated. This weakness can be overcome by optimizing the extraction, PCR condition, and the appropriate primary selection. RAPD has been applied to study the genetic diversity in some types of seaweeds, i.e. Eucheuma spp. (Ayuningrum et al. 2012; Anggraeni et al. 2008) .
The information about the genetic diversity and productivity of G. coronopifolia from the coastal waters in Banten has not been widely reported. The RAPD primer can be used to characterize the genetic profile of any species with the targeted traits. The genetic profile of G. coronopifolia with high productivity was expected to be characterized for assisting in conservation and breeding efforts. The research aims to determine the genetic diversity and productivity of G. coronopifolia from Anyer Beach and the cultivation ponds in Lontar Village, Banten based on RAPD marker.
MATERIALS AND METHODS

Plant Materials
The materials used in this research were Gracilaria coronopifolia taken from the waters Anyer Beaches of Anyar (or Anyer) Subdistrict which includes Tanjung Tum Beach, Mambruk Hotel Beach, Patra Comfort Anyer Beach; and Lontar Ponds of Tirtayasa Subdistrict, Serang District, Banten Province, Indonesia. The locations of sampling were presented in Figure 1 and Table 1 .
Procedures
Sample collection (sampling)
The sampling was conducted at three sampling points in Anyer Beach waters and in the cultivation ponds of Lontar Village, Banten. The sampling locations were determined by a survey method. The sampling was conducted by exploration and collection. The sampling of G. coronopifolia was carried out in various types of habitats along the coastal waters, including reef flats, coral basin, sandy area, and around the subtidal zones. The samples were collected mainly at low tide (Trono and Ganzon-Fortes 1988; Sukiman 2011) by taking all parts of talus, then washed and put into plastic bag and labeled (Sukiman 2011) . The samples used for identification purpose were stored in a jar containing the preservation solution (70% ethanol) and labeled. Meanwhile, the fresh samples used for molecular analysis were the tips of branches of G. coronopifolia talus about 8 cm from the end of the branch for the DNA extraction (Ayuningrum et al. 2012 ). Furthermore, the fresh samples used for molecular analysis were put into plastic bags and stored in freezer at the temperature of -40 o C.
Observation of morphological characteristics
The morphological characteristics observed for the identification purpose were talus type, shape, length, texture, color, and branching pattern. The observed characters were recorded and taken for pictures by using a digital camera. The identification of specimens was performed according to Trono and Ganzon-Fortes (1988) , and Sukiman (2011) . Meanwhile, the morphological characteristics observed for productivity analysis were talus length (height) and dry weight. 
DNA extraction
DNA extraction was performed based on the CTAB method according to Delaporta et al. (1983) with modification. The samples were ground in liquid nitrogen and put into 2 mL microtube and added with 700 μL of buffer solution (0.1 M Tris HCl, 0.04 M EDTA, 1.4 NaCl, 2% CTAB) then incubated in 65°C for 20 min. The samples were added with CI (chloroform: isoamyl-alcohol = 24:1) at same volume, then shaken and centrifuged at 14000 rpm for 10 min. The supernatant about 500 μL was poured into a new microtube 1.5 mL, added with 2x absolute ethanol, and shaken until the DNA threads have appeared. After precipitation, the samples were centrifuged at 14000 rpm and 4 o C for 15 min. A pellet was added with 300 μL of 70% alcohol and centrifuged at 14000 rpm for 5 min. After dried, the pellet was added with 50 μL TE 1x and 10 μL RNase 10 ng/μL, then incubated at 37 o C for an hour. The inactivation of RNase was performed by incubation at 70 o C for 10 min. The DNA was checked on 1.5% agarose gel electrophoresis in TAE 1x at 100 volts for 30 min.
PCR amplification
The PCR reaction was performed with the PCR reagent composition consisted of 1x PCR buffer, 0.4 mM dNTPs, 0.6 uM primer, 0.1 U Taq polymerase enzyme, and 10-20 ng/μL DNA. Five primers were used to amplify DNA of G. coronopifolia ( Table 2) .
The PCR process for RAPD primers consisted of early denaturation at 95°C for 1 minute, followed by 40 cycles. Each cycle consisted of denaturation at 95°C for 30 seconds, annealing at 36°C for 30 seconds, and primer extension at 72 o C for 30 seconds. The post extension was carried out at 72°C for 5 min and then the reaction was terminated at 12°C for 20 min. The PCR product was separated in 1.5% agarose gel electrophoresis in TAE 1x with 100 volts and 200 mA for two hours to determine the DNA band patterns. The DNA bands were then visualized in UV light after soaking in ethidium bromide. 
Data analysis
The analysis of genetic similarity of G. coronopifolia was conducted based on the DNA band pattern of the PCR products based on the RAPD primers. Each DNA band resulted in an electrophoresis rate with the same size as a primer was considered as a single locus. Thus, the same DNA bands from some samples were interpreted as one homologous locus. The DNA band pattern was then converted into the binary data by given a score of one (1) if there was a band and zero (0) if there was no band in the same locus. The binary data of the five RAPD primers resulted were used for genetic similarity analysis. A cluster analysis was conducted by using UPGMA (Unweighted Pair Group Method with Arithmetic Means) through NTSYS (Numerical Taxonomy and Multivariate Analysis System) Program version 2.02 (Rohlf 1997) resulting in the grouping dendrogram of G. coronopifolia from various location points of sampling. The value of genetic similarity was obtained based on Simple Matching Coefficient, while the value of genetic dissimilarity was a reduction in the value of similarity matrix by value 1 (Dunn and Everitt 1982) .
The association between the genotype characteristic based on the RAPD marker with the productivity characteristics (talus height and dry weight of talus) was analyzed by using Tassel Program version 2.0. The marker (s) associated with the productivity characters (p_value<0.5) indicate that it can be used as the selection marker (s) for talus height and dry weight of talus characters. From this analysis, the genetic distance matrix of samples inter-location was also obtained.
RESULTS AND DISCUSSION
Morphology characteristic
Gracilaria coronopifolia showed an erect or falling talus with height about 4.5-15 cm, laevis surface, purple, red, blackish, or greenish-yellow color, had cylindrical talus on the axis with diameter about 1.2-2.0 mm. The holdfast was like a disk attached to substrates. The branches of talus were irregular, alternate, and dichotomy with the base of branches was slightly narrow, short and growing irregularly on talus axis, the branches tapered to the tip and short (1.0-2.5 mm), dichotomy with unequal size and pointed tip of branches. Gracilaria coronopifolia can be found attached to coral reef, sand, sponges, or epiphytes in seagrass, cosmopolitan or spread. Gracilaria coronopifolia had also widely been cultivated in ponds. 
DNA profile
A total of five RAPD primers were screened to produce the polymorphic bands on G. coronopifolia, consisted of OPA-01, OPA-16, OPT-05, OPR-02, and UBC-594 primers. The result of DNA amplification with five primers showed the different intensity of DNA bands (Figure 2) .
The results showed that the appearance of DNA bands generated by OPA-02 and OPA-16 primers was more clearly than OPT-05, OPR-02, and UBC-594 primers. The DNA amplification on Amorphophallus muelleri Blume based on RAPD marker was also not always obtained the same intensity bands (Poerba and Martanti 2008) . The intensity differences of amplified DNA bands from each primer are influenced by several factors, i.e. the level of purity and the concentration of DNA template. The DNA template containing the natural compounds, such as polysaccharides and phenolic compounds, and the low concentration of DNA template often produces unclear DNA bands. The distribution of primer annealing site and the annealing competition on the DNA template cause a fragment to be amplified in large quantities and other fragments in small amount. Meanwhile, the amplification process can be initiated in several sites, but only a few sites can be detected as DNA bands resulted from amplification. Each primer has specific attachment site, so the polymorphic DNA bands generated by each primer are different (Weeden et al. 1992; Poerba and Martanti 2008) . G. coronopifolia has a large polysaccharide content. The compound could be a source of contaminants in DNA amplification, so it causes some primers to produce unclear amplified DNA.
The amplification of four samples of G. coronopifolia taken from the Anyer Beach area (Tanjung Tum Beach, Patra Comfort Anyer Beach, Mambruk Beach) and the cultivation ponds in Lontar Village showed that the all primers produced polymorphic bands with 100% polymorphism. These values indicate that the primers can be used to detect the genetic variation in all samples of G. coronopifolia analyzed. From the five primers, it was obtained 51 DNA fragments with sizes between 50 bp to 1700 bp. The five primers produced between 9-13 DNA bands that could be detected and scored, with an average of each primer produced 10.4 fragments and the maximum number of polymorphic bands were produced by OPA-16 primer (Table 3) .
Cluster analysis
The cluster analysis of genetic similarity based on the RAPD marker showed that the four samples of G. coronopifolia analyzed had a low similarity coefficient ranged between 0.43-0.55. Overall, the five primers were able to separate the samples into two main clusters, consisted of group A (Tanjung Tum Beach, Patra Beach, and Mambruk Beach) with a coefficient of similarity by 0.44 and group B (the pond of seaweed in Lontar Village) with a similarity coefficient of 0.43 (Figure 3) . Cluster A consisted of two sub-clusters, namely sub-cluster 1 that consisted of the samples from Tanjung Tum Beach and Patra Beach, and another one sub-cluster by the sample from Mambruk Beach. From the four samples of G. coronopifolia analyzed, the samples from Tanjung Tum Beach and Patra Beach had the highest similarity coefficient of 0.55 (Figure 4) . Meanwhile, the value of genetic dissimilarity for four samples of G. coronopifolia ranged between 0.45-0.57, with the highest value (0.57) was obtained between Lontar Village and Mambruk Hotel Beach, and the lowest value (0.45) was obtained between the samples from Tanjung Tum Beach and Patra Beach.
The genetic distance values of samples inter-locations ranged between 0.4444-0.5926 (Table 4 ). The highest genetic distance was obtained between the samples from Mambruk Hotel Beach with Patra Beach (0.5926) and between the samples from Patra Beach with Lontar Village (0.5926). Meanwhile, the lowest genetic distance was obtained between the samples from Patra Beach with Tanjung Tum Beach (0.4444).
The cluster analysis showed that the adjacent sample locations (Tanjung Tum Beach, Patra Beach, Mambruk Beach) tend to form one group. Meanwhile, the G. coronopifolia sample in Lontar Village was separated from the three samples in the waters of Anyer Beach with the lowest genetic similarity of 0.43. The four samples of G. coronopifolia analyzed had a low similarity coefficient. This showed that the samples were not identical. From the four samples of G. coronopifolia analyzed, the samples from Tanjung Tum Beach and Patra Beach had the highest similarity coefficient. The vegetative development of G. coronopifolia is through the formation of spores. This allows the occurrence of spores attachment on the talus of seaweed located at the adjacent location. Therefore, it produces a close genetic similarity among the adjacent samples.
The genetic diversity of G. coronopifolia could be influenced by several factors. A high genetic diversity on G. coronopifolia cultivated in Lontar was assumed to be caused by an asexual reproduction through the vegetative fragmentation. The pattern of cultivation applied by people in Lontar Village was generally conducted by using the talus harvested from previous cultivation as new seedlings. Therefore, it might minimize a gene flow, causes a low opportunity of recombination at meiosis and produces a new progeny/filial through fertilization (Zuccarello et al. 2006; Hayward et al. 1993 ). Meanwhile, low genetic diversity of G. coronopifolia between the samples from Tanjung Tum Beach and Patra Beach might be caused by the higher probability of sexual reproduction across the waters causing a gene flow inter-locations.
The seaweed seedling of G. coronopifolia cultivated in Lontar Village was obtained from the Indonesian Institute of Sciences (LIPI) (www.kompasiana.com). The seedling is the superior variety obtained through the breeding technique, so it was assumed to cause G. coronopifolia from Lontar Village was genetically different from the wild varieties taken from the waters of Anyer Beach. Thus, the sample G. coronopifolia cultivated in Lontar Village had a high genetic variation (43%) compared with wild samples from the waters of Anyer Beach. Meanwhile, the genetic distance between samples from Patra Beach and Tanjung Tum Beach was low. This result showed a probability that both samples (Patra Beach and Tanjung Tum Beach) derived from the same parents/clones.
Productivity of Gracilaria coronopifolia
The productivity observation of G. coronopifolia was conducted for talus height and dry weight. The sample of G. coronopifolia from the cultivation ponds in Lontar Village had higher talus height (18.0 cm) and dry weight (1.250 g/clump) compared to the three samples from Anyer Beach waters (Table 5, Figure 4 ).
Association between DNA profile and productivity
The association between the DNA profile and the phenotype characteristics, including talus height and dry weight, were analyzed using Tassel 2.2 Program. The results showed that from five primers, primer UBC-594 associated with the talus height of G. coronopifolia (p_value=0.000) on the band size of 50 bp. Meanwhile, all primers (OPA-01, OPA-16, OPT-05, OPR-02, UBC-594) associated with the dry weight of G. coronopifolia with p_value < 0.05 (Table 6, Figure 3 ). The higher talus height and dry weight, the higher productivity of G. coronopifolia. The data obtained from this study suggested that G. coronopifolia cultivated in Lontar Village tend to have higher productivity than the samples from the waters of Anyer Beach. The association between the genetic profile and the productivity character showed that the primer UBC-594 was the most precision to the dry weight of talus with p_value=0.000 on the band size of 50 bp (Table 6, Figure 3 ). This result showed that primer UBC-594 could be used as the selection marker for the talus height and dry weight of G. coronopifolia on the band size of 50 bp. The sequencing of the DNA band precisely associated with the productivity of talus can be conducted to design a new selection marker for detecting G. coronopifolia with high quality in nature.
The RAPD marker of primer UBC-594 can be used to characterize genetically the productivity of G. coronopifolia as alternative food resource. The future research can be focused especially on characterization of agar production with high quality based on RAPD marker and to design a new specific primer for genotype selection. The efforts of conservation, cultivation, and breeding on G. coronopifolia were recommended to be conducted based on the genetic diversity and productivity of wild germplasms, so it can protect the sustainability of species and improve the productivity.
